A large body of research has been published in different formats (e.g. journal, book, proceeding papers, letter, meeting abstract, etc.) in the field of information theory. Given this, identifying and measuring the effect and value of scientific outputs, such as the field of information theory, plays an important role in today's world of information overload. Bibliometric studies carried out in recent years "have provided an accurate and objective method to measure the contribution of the paper to the advancement of knowledge" and the Web of Science database is "the most widely accepted and frequently used database for analysis of scientific publications" (Wen & Huang, 2012) .
Purpose of the Study
The purpose of this study is to carry out a bibliometric analysis and examine scientific collaborations in information theory articles gathered from the Thomson Reuters Web of Science (WoS) database. Therefore, this study focuses on the following objectives: 1) number of publications in the field of information theory and growth rate; 2) type of documents and languages used by researchers; 3) periodicals that published the most articles in this field of study; 4) countries that produced the greatest number of publications; 5) universities and institutions with the greatest number of publications; 6) the most productive and effective authors in this field of study; 7) average page count per article and average cited reference count per article; 8) most cited articles of information theory; 9) authorship and collaboration patterns in this field of study; 10) the type of collaboration between scholars in this field (institution, inter-institution, international); and 11) most common subject categories and keywords.
Methods
This research was done with a bibliometric approach. This study was limited to Thomson Reuters Web of Science (WoS) database using the following search strategy: TS="information theory". TS tag searches title, abstract, and keyword fields. Document information included name of author, author address (affiliation), title, year of publication, keywords, name of journal, and number of cited references. In total, 9,243 items were retrieved and duplicate records were excluded. Overall, 8,466 records were gathered and analyzed using Microsoft Excel software. Additional coding was manually performed based on the research objectives 
Results

Number of Publications and Growth Rate
Data showed that 8,466 items were published by researchers in sources covered by Web of Science (WoS) in the area of information theory. In order to calculate trend of growth rate of publications in information theory, the following formula was used: = Where PR is Percent Rate, V present is present or future value and V past is past value. Figure 2 demonstrates the trend of growth rate of publications in information theory. As can be seen, there were fluctuations in the trend of scientific publications of information theory. In fact, there were three general trends. First, over the period from 1913 to 1950, the trend of outputs was stagnated. Secondly, in the years 1951, 1965, 1990, and 2009, there was an upward trend and in years 1952-53, 1966, 1992, 2008, and 2010-11 , there was a downward trend. Finally, during 1954 Finally, during -1964 Finally, during , 1967 Finally, during -1988 Finally, during , and 1993 Finally, during -2007 growth rate of outputs was uneven and did not exhibit a clear pattern.
In order to calculate the average annual growth rate of works during 89 years, the geometric mean is used. Results showed that this rate was 7.5 percent and as mentioned, breaks in the growth of publications in some years it occurred.
Types of Documents and Languages
The results of the analysis of the type of documents showed indicated that the documents were in eleven different formats including articles, proceedings, book reviews, correction, discussion, editorial material, letter, meeting abstract, news item, note, and reprint. As expected, the most frequent format was articles (60.10%), followed by proceedings (33.09%), book review (2%), and meeting abstracts (1.45%) ( Table 1 ).
Scientific publications in the field of information theory were published in 16 languages. English documents ranked top (97.52%) followed by German (1.07%), and French (0.50%) respectively (Table 2) . Table 3 shows top ten journals and proceedings that published in the field of information theory. 
Countries that Produced the Greatest Percentage of Publications
Researchers of the 91 Countries had impressive contribution to this field of study. Among them, countries of USA, UK, Peoples Republic China, Canada, Germany, Japan, Spain, France, Italy, and Australia respectively, were top ten countries that published the highest number of publications during in this period in field of information theory (Table 4) . 
Publications by Universities and Institutions
There were over 3,900 institutions and universities involved in research activity in the field of information theory. As can be seen in Table 5 , MIT university, University of Illinois, National University La Plata, University of Waterloo, University of California, Berkeley, California Institute of Technology (CALTECH), University California, San Diego, Stanford University, Le Centre national de la recherche scientifique (CNRS), and Princeton University produced the most scientific documents in this field ranked 1-10, respectively. Table 6 illustrates the most productive and effective authors in the field of information theory. Findings indicated that of 8,466 documents were written by 13,590 authors. Plastino, Hayashi, Matsuda, Nalewajski, and Casas were the five most productive authors in the field of information theory; i.e. they authored the largest number of papers. Table 6 . They are grouped in eight periods, including 1913 , 1938 , 1950 -59, 1960 -69, 1970 -79, 1980 -89, 1990 -99, and 2000 
Most Productive Authors in Information Theory
Most Cited Articles of Information Theory
Number of citations to a publication illustrates the impact of its work in the field of science. To determine articles with greatest impact, articles were ranked based on times cited (Table 8 ). The times cited count indicates the number of times a published paper was cited by other papers and is a measure of the impact of a work in that field of science. 
Authorship Patterns in Information Theory
For the purpose of determination of authorship patterns and degree of collaboration, the author field in Web of Science (WoS) database was searched and data were classified into three groups: one author, two authors, and three or more authors; 8,466 items about information theory were statistically analyzed in Table 9 , including the percentage of outputs in eight periods. Results indicate that publications with one author during 1913-1989 were dominant and publications with two and three or more authors during 1990-2011 increased sharply.
By and large, 29.60 percent of authorship is related to one author, 30.38 percent of one is related to two authors, and 40.02 percent of one is related to three or more authors that made up writing patterns in field of information theory during 89 years. In order to determine proportion of single and coauthored products in this field, first, works with two authors or more classified in a group named coauthored productions. In other words, outputs that have been provided with at least two authors or more considered as collaborative. In addition, to calculate ratio of co-authorship publications to single author publications the below formula was used:
Co-authorship ratio= #Co-Authored Publications__________ #Single-Authored Pubs + #Co-Authored Pubs Ratio greater than 0.5 = more co-authored than single authored publications Ratio of less than 0.5 = more single-authored than co-authored publications (Sutter & Kocher, 2004) .
According to the formula, the ratio of co-authorship in field of information theory during 1913-2011 was 0.70. As a result, it indicates that proportion of co-authorship is more than single author production. Based on the findings, as shown in Table 9 , 70.40 percent of published papers in the research period were produced collaboratively and only 29.60 percent of papers were produced individually.
Type of Collaboration
To determine the type of collaboration between scholars in this field, the papers with at least two authors or more belonging to the same organization, university or research institution were considered as institutional collaboration. The papers with at least 2 authors or more in different organizations, universities or research institution and in a country were considered as interinstitutional collaboration and the paper with at least 2 authors or more that were produced with the organizations, universities or research institutions in different countries were considered as international collaboration. The types of collaboration were grouped in eight periods, including 1913, 1938, 1950-59, 1960-69, 1970-79, 1980-89, 1990-99, and 2000-11. 
Distribution of Subject Categories
Distribution of subject categories via keyword analysis indicated a great diversity including 123 subject categories related to the research topic of information theory in Web of Science. Table 11 lists that top 10 subject categories in the 89 years. Among the top subject categories are computer science (29.93%), engineering (22.35%), and physics (18.40%) have been the most outputs and the article percentage had a significant growth. 
1960-1969
1970-1979
1980-1989
1990-1999
2000-2011 Total
Information theory 0.01% 0.01% 1.21% 2.46% 3.65% 3.36% 6.85% 34.94% 52.7% Entropy 0.00% 0.00% 0.00% 0.00% 0.06% 0.11% 2.51% 12.64% 15.3% System (s) 0.00% 0.00% 0.04% 0.07% 0.37% 0.00% 2.30% 10.39% 13.2% Model (s) 0.00% 0.00% 0.01% 0.03% 0.08% 0.17% 1.60% 8.47% 10.4% Communication 0.00% 0.00% 0.09% 0.02% 0.10% 0.16% 0.48% 6.60% 7.5% Quantum 0.00% 0.00% 0.00% 0.02% 0.01% 0.03% 0.59% 6.24% 6.9% Dynamics 0.00% 0.00% 0.00% 0.03% 0.07% 0.08% 1.09% 4.42% 5.7% Network(s) 0.00% 0.00% 0.00% 0.00% 0.00% 0.03% 0.54% 4.52% 5.1% Capacity 0.00% 0.00% 0.02% 0.01% 0.01% 0.00% 0.40% 4.55% 5.0% Statistical mechanics 0.00% 0.00% 0.02% 0.03% 0.00% 0.00% 0.25% 4.54% 4.8%
As author keyword analysis offers information about research trends in the view of researchers, it has proven to be important for monitoring the development of science (Li et al., 2009) . In this study, 8,930 different author keywords were used from 1913 to 2011. Forty percent (3.572) appeared once, reflecting a wide difference in research focuses. Table 12 lists the top 10 -used keywords in the 89 years, with the most frequently used keywords being Information theory (52.7%), entropy (15.3%), system (s) (13.2%), and model(s) (10.4%).
Discussion and Conclusions
This study of information theory outputs showed some significant points on the worldwide research trends and performance from 1913 to 2011. The publication outputs about information theory increased during 89 years, but there were fluctuations in trend of growth. The products in the field of information theory from 1913 to 2011 showed a growth rate of 7.5 percent. In total, there are 8,466 publications in eleven types of document and sixteen languages listed in 123 subject categories related to the research topic of information theory indexed in the Web of Science database.
Findings showed that IEEE Transactions on Information T heory published the most documents of information theory, followed by Physical Review A. and Physica A: Statistical Mechanics and It Applications. Of the 91 countries represented in the research publications, the top three were USA, UK, and Peoples Republic China.
Results by institution indicate that MIT University published more documents than other universities and institutions followed by University of Illinois, National University La Plata. Plastino, Hayashi, Matsuda, Nalewajski, and Casas were the most productive authors in the field of information theory who authored the largest number of papers. The average 13.74 pages and 28.68 references per article indicate average publication characteristics during the time frame of this study, 1913-2011. The articles with greatest impact (most highly cited papers in the field of information theory) were authored by Turk and Pentland (1991), Jaynes (1957), and Maes et al (1997) .
During recent decades, the phenomenon of coauthorship has drawn a considerable amount of attention among sociologists of science. Researchers use formal and informal scholarly communication. The formal communication are papers published in scholarly journals that have been reviewed by peers. The informal scholarly communication can be meetings, calls between researchers, and pre and post prints (Lacy & Busch, 1983) . So, scientific collaboration, in which two or more authors collaborate to create one scientific work, and in recent years, factors such as specialization and the growth of interdisciplinary research have prompted researchers to cooperate with each other. Findings of this study indicate that 29.60 percent of the authorship was by one author, 30.38 percent was two authors, and 40.02 percent was three or more authors. Therefore, the authorship pattern of one author has held steadily while the published papers by two and three or more authors has been rising as 70.40 percent of published papers in the research period were produced collaboratively and only 29.60 percent of papers were produced individually and institutional collaboration was dominant.
Research publications in the field of information theory were indexed by the keywords information theory, entropy, system, and model(s) and among the top subject categories were computer science, engineering, and physics. Hopefully, this paper provides some insight into the current state of information theory research such as the characteristics of research activities, writing patterns, publication patterns, as well as countries, institutions, journals, and authors with greatest impact. The results of this research can provide unique and detectable indicators that can serve as benchmarks for future research.
